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A B S T R A C T   

Background: During 2021, Peru started the vaccination against SARS-CoV-2 using the BBIBP-CorV inactivated 
virus vaccine for health care workers (HCW). We aim to evaluate the effectiveness of the BBIBP-CorV vaccine to 
prevent SARS-CoV-2 infection and deaths among HCWs. 
Methods: Retrospective cohort study, from February 9 to June 30, 2021, using national registries of health care 
workers, laboratory tests for SARS-CoV-2 and deaths. We calculated the vaccine effectiveness for preventing 
laboratory-confirmed SARS-CoV-2 infection, COVID-19-mortality, and all-cause mortality among partially 
immunized and fully immunized HCWs. An extension of Cox proportional hazards regression was used to model 
the mortality results, and Poisson regression was used to model SARS-CoV-2 infection. 
Results: The study included 606,772 eligible HCWs, the mean age was 40 (IQR: 33.0, 51.0). In fully immunized 
HCW, the effectiveness for preventing all-cause mortality was 83.6 (95% CI: 80.2 to 86.4), 88.7 (95% CI: 85.1 to 
91.4) for preventing COVID-19 mortality, and 40.3 (95% CI 38.9 to 41.6) for preventing SARS-CoV-2 infection. 
Conclusion: The BBIBP-CorV vaccine showed high levels of effectiveness for preventing all-cause and COVID-19 
deaths among fully immunized HCW. These results were consistent within different subgroups and sensitivity 
analyses. However, the effectiveness for preventing infection was suboptimal in this particular setting.   

1. Introduction 

Vaccines are the most important tool to prevent severe disease and 
mortality caused by SARS-CoV-2. By December 2021, there were more 
than 140 vaccines under clinical development, and 10 had already been 
approved by the World Health Organization (WHO) [1]. Latin American 
countries, including Peru, began vaccinating priority groups since the 
first trimester of 2021. Vaccines were not available prior to this period 
due to unequal global distribution and vaccine shortages mostly in 
low-middle income countries in the global south [2]. 

The BBIBP-CorV vaccine is an inactivated virus vaccine produced by 
Sinopharm (China) [3,4]. Its efficacy was initially evaluated in the 
United Arab Emirates, Bahrain, Egypt and Jordan, and according to the 
publication of the phase 3 randomized clinical trial, it was 78.1% 
effective for preventing infection [5]. A test-negative design performed 

in Bahrain reported vaccine effectiveness for preventing infection of 
90% and 91% for adults aged 18–59 and 60 years or older, respectively 
[6]. On the other hand, Argentina reported 84% effectiveness for pre-
venting deaths in people over 60 years during the first semester of 2021 
[7]. Of note, most available evidence on the effectiveness of the 
BBIBP-CorV vaccine is limited to non-peer reviewed publications such as 
institutional reports. More scientific studies such as test-negative de-
signs, cohort studies and case control studies are needed and have been 
recommended by WHO to report COVID-19 vaccine effectiveness. After 
these initial reports of high efficacy, subsequent observational studies 
have found low immunogenicity of BBIBP-CorV as assessed by neutral-
izing antibodies [8,9] and clinical efficacy [10], particularly in the 
context of the circulation of variants with mutations that confer immune 
evasion [11]. 

Peru has been one of the countries with the highest death tolls due to 
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COVID-19 [12] and with very high infection rates, as evidenced by high 
seroprevalence throughout the pandemic [13] being Health Care 
Workers (HCW) one of the most affected groups with respect to mor-
tality and infection [14]. Vaccine deployment began in February 2021 
[15] with the application of the BBIBP-CorV vaccine to HCW during a 
highly lethal second wave of infection, in which the lambda variant 
predominated in the coast and Andean regions the country and the 
gamma variant prevailed in the Amazon basin [16]. This study aims to 
report the evaluation of the effectiveness of the BBIBP-CorV vaccine in 
preventing infection, COVID-19 related mortality, and all-cause mor-
tality for among HCW in Peru. 

2. Methods 

2.1. Study design and population 

We conducted a retrospective cohort study to assess the effectiveness 
of the BBIBP-CorV vaccine in preventing COVID-19 infection and mor-
tality as well as all-cause mortality among Peruvian HCW from February 
9 (start of vaccination campaigns in Peru) to June 30, 2021. 

The study population consisted of the HCW included in the National 
Registry of human resources a living census of all HCW in the country 
(active and retired from the public and private health services), which 
was assembled by the Ministry of Health (MoH) for the vaccination 
campaign. Figure A7 shows the diagram of how the National Registry of 
human resources was constructed. HCW were defined as all personnel 
involved in direct or indirect patient care or supporting the functioning 
of the health system. These individuals were categorized as (1) Physi-
cians, (2) Nurses, (3) Other health personnel in direct contact with 
COVID-19 patients (technicians, midwifes, psychologists), (4) Health 
professionals with limited contact with COVID-19 patients (nutrition-
ists, pharmacists), and (5) Support and administrative personnel (in-
surance clerks, logisticians of health facilities). A detailed description of 
the census and the vaccination campaign in Perú is provided in the 
Supplementary Appendix (A1-A2). The aforementioned census contains 
basic demographic and occupational information on each HCW and the 
date of administration of the first and second doses of the BBIPB-Cor-V 
vaccine. The BBIPB-Cor-V vaccine used in Peru is the inactivated vaccine 
(Vero CeI) in injectable suspension from the manufacturer Beijing 
Institute of Biological Products Co. Ltd of China, which was applied in 
doses of 0.5 mL intramuscularly, preferably in the upper arm [17]. 

We excluded participants under 18 and over 100 years old, those 
who died before the study period and those reporting pregnancy. 
Although some participants had missing data on demographic variables, 
they were still included in the analysis. We classified immunization 
status into three groups: Not immunized (i.e. had not received any dose 
of vaccine or were less than 14 days since the person received the first 
dose), partially immunized (i.e. had more than or equal to 14 days after 
the first dose or less than 14 days after the second dose), and fully 
immunized (i.e. had more than or equal to 14 days after the second 
dose). 

2.2. Outcomes and covariates 

We have three primary outcomes: 1. Laboratory-confirmed SARS- 
CoV-2 infection by reverse transcriptase polymerase chain reaction (RT- 
PCR) or Antigen Test, 2. COVID-19 related mortality, and 3. All-cause 
mortality. For these outcomes, we calculated the time from the begin-
ning of follow-up (February 9, 2021) to the occurrence of the event of 
interest as the endpoint. SARS-CoV-2 infection data was extracted from 
the National Integrated System for COVID-19 (SICOVID) and the Na-
tional Laboratory System (NetLab) [18]. During these months, most 
testing was done on symptomatic cases, rather than on asymptomatic 
contacts. A detailed description of the health information system is given 
in the Supplementary Appendix (A2.1). 

The data for all-cause mortality and for COVID-19 related mortality 

were obtained from the death registry of the National Electronic Death 
Registry (SINADEF, acronym in Spanish). To identify COVID-19 related 
mortality, we used the following ICD-10 codes: U07.1, U07.2, B34.2, 
B97.2, or at least one of the following terms: “coronavirus”, “cov-2′′, 
“cov2′′, “covid” and “sars". 

We adjusted our effectiveness estimates controlling for the following 
potentially confounding variables [19]: age group, sex, region of resi-
dence, occupational group, laboratory confirmed history of SARS-CoV-2 
infection prior to the start of follow-up (February 9, 2021), and for the 
following underlying conditions associated with severe COVID-19: 
obesity, chronic pulmonary disease, diabetes mellitus, hypertension, 
cancer, any immunosuppressive condition, asthma, cerebrovascular 
disease, and chronic kidney failure. The Supplementary Appendix 
(Table A3) shows the source of data for each variable included in the 
study. 

We integrated data using a deterministic record linkage of each in-
dividual. We excluded inconsistent values, and very extreme values on 
all variables. 

2.3. Statistical analysis 

We modeled mortality outcomes (all-cause and COVID-19) using the 
extension of the Cox proportional-hazards regression on a calendar time 
axis, which allows time-varying immunization status of the subjects in 
the study. We performed the estimation using the partial maximum 
likelihood with Breslow correction for ties. We calculated the hazard 
rate ratios (HRR) according to the immunization status. We performed 
the analysis for all HCWs included in the study and for HCWs ≥60 years 
separately. 

The outcome of SARS-CoV-2 infection was modeled using a Poisson 
regression with the period (in days) as an exposure to estimate the 
incidence density ratios (IDR) associated with partial and full immuni-
zation. In all cases, adjustment for the potentially confounding variables 
was performed. Complete case analysis was reported; however, since at 
least one potentially confounding factor was missing in 34.3% of in-
dividuals, we performed an additional analysis using multiple imputa-
tion by chained equations (MICE) to reduce bias [20]. Summary of 
modeling, assumption assessment and imputation are shown in the 
Supplementary Appendix (A2 Methods). Vaccine effectiveness was 
estimated as 1 minus the HRR or IRR expressed as a percentage. 

As an additional analysis, we performed an interaction term between 
age group (18–59 years vs. ≥ 60 years) and immunization status, and 
macroregion and immunization status using a hypothesis testing 
approach to assess differences in effectiveness. In addition, to explore 
the robustness of our results against potential selection bias, we per-
formed sensitivity analysis to estimate the HRRs and IDR in subjects 
with and without history of laboratory-confirmed SARS-CoV-2 infection 
prior to vaccination. Finally, an additional sensitivity analysis was done 
using vaccination status rather than the immunization status, taking the 
day of vaccination, and not 14 days after, as the beginning of the pro-
tected period. (see Appendix section A3 for additional results and 
sensitivity analysis). 

Sections A2.2 and A2.3 of the Supplementary Appendix detail the 
study’s statistical methodology. We calculated 95% confidence intervals 
(95% CI) and p-values with a significance level of 0.05, based on the 
Wald statistic. We used Stata/SE software, version 17.0 for the creation 
of the dataset, cleaning, multiple imputation, and Cox regression. 
Likewise, R software version 4.0.3, was used to generated some repro-
ducible descriptive tables. 

2.4. Role of the funding source 

This study was approved by the Research Ethics Committee of the 
Peruvian National Institute of Health (INS Peru), (ID: 10812-2021). 
Authorization was granted from the MoH and the INS Peru to access 
the databases. The INS Peru provided finantial support for the study. 
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The Peruvian MoH, through the INS Peru, conducted the study. All 
members of the study team were fully responsible of the design of the 
study, the retrieval and analysis of the data, and for writing the manu-
script. All the authors vouch for the accuracy and completeness of the 
data reported. 

3. Results 

Of the 606,870 HCW that were vaccinated according to the MoH 
vaccination registry, 606,772 were eligible according to the inclusion 
criteria. At the end of the follow-up period, 139,097 (22.9%) had not 
received any dose of the BBIBP-CorV vaccine, 56,597 (9.3%) had 
received only one dose, and 411,078 (67.8%) HCW had received two 
doses of the vaccine (Fig. 1). 

Regarding to the characteristics of the participants, during the study 
period, 26,297 (17.8%) HCW developed a SARS-CoV-2 laboratory 
confirmed infection, (positive antigen test or RT-PCR), and 1265 died 
(0.21%), of which 841 (0.13%) were deaths due to COVID-19. Most of 
the participants were women (66%), with a median age of 40 years 
(interquartile range [IQR]: 33 to 51), 9.1% had a comorbidity related to 
COVID-19 such as obesity (3%), diabetes (1.6%) high blood pressure 
(2.5%), cardiovascular disease (0.9%), asthma or chronic pulmonary 
disease (6.2%), or other conditions such as immunodeficiency, cancer or 
chronic renal failure (0.5%). Almost half, 47.1% came from Lima-Callao 
(capital of Peru), 11.7% were physicians, and 23.9% had a previous 
history of SARS-CoV-2 infection (Table 1). Detailed information about 
the HCW category and region of provenance is shown in Table A1. 

We performed an analysis in the overall population using two ap-
proaches: case-complete and multiple imputation. For the analysis using 
multiple imputation, we estimated an adjusted vaccine effectiveness in 
fully immunized HCW of 83.6% (95% CI 80.2%–86.4%) for preventing 
all-cause mortality, 88.7% (95% CI 85.1%–91.4%) for preventing 
COVID-19 mortality and 40.3 (95% CI 38.9%–41.6%)) for preventing 
SARS-CoV-2 infection. Analysis using the case-complete approach 
showed slightly higher effectiveness values for all outcomes (Table 2). 

Fig. 2 shows the cumulative incidence of death in HCW during the 
study period with respect to all-cause mortality (Fig. 2A) and COVID-19 
related mortality (Fig. 2B), and the difference between the fully 
immunized, partially immunized, and not immunized with respect to 
adjusted cumulative incidence curves. 

Among the HCW ≥60 years: we found an adjusted vaccine effec-
tiveness in fully immunized HCW of 79.2% (95% CI 73.7%–83.6%) for 
preventing all-cause mortality, 83.4% (95% CI 76.8%–88.1%) for pre-
venting COVID-19 mortality and 45.9% (95% CI 41.8%–49.8%) for 

preventing SARS-CoV-2 infection. In Table A5 we performed an 
assessment of effect modification of vaccine effectiveness by age group 
(18–59 years vs. ≥ 60 years), finding statistical evidence for a higher 
vaccine effectiveness for full immunization in HCW of 18–59 years in 
comparison with 60+ years for all-cause mortality (86.4% vs. 79.2%, 
multiple interaction p-value = 0.014) and COVID-19 mortality (93.3 vs. 
83.4%, multiple interaction p-value = 0.002) (Table 3). 

Regarding heterogeneity of vaccine effectiveness by macro-region, 
we found no statistical evidence of effect modification (multiple inter-
action p-values between 0.7 and 0.9) for all-cause mortality and mor-
tality from COVID-19. Conversely, we did find evidence of effect 
modification for the outcome of laboratory-confirmed COVID-19 infec-
tion (multiple interaction p-value <0.001) (Table A6). 

In addition, considering the potential influence of prior infection on 
vaccine effectiveness, we performed additional sensitivity analysis only 
in HCW without previous SARS-CoV-2 infection (Table A8). The 
adjusted vaccine effectiveness using the complete-case data approach in 
fully immunized HCW was 90.6% (95% CI 87.3%–93.0%) for preventing 
all-cause mortality, 93.4% (95% CI 89.9%–95.6%), for preventing 
COVID-19 mortality, and 50% (95% CI 48.6%–51.2%) for preventing 
SARS-CoV-2 infection. 

Finally, considering the potential effectiveness of the vaccine prior to 
the 14 days after the application of each dose, we performed analyses 
according to the number of vaccine doses received. The results showed 
an adjusted effectiveness among those who received two doses of the 
vaccine of 93.3% (95% CI 91.4%–94.8%) for preventing all-cause 
mortality, 96.1% (95% CI 94.4%–97.4%), for preventing COVID-19 
mortality, and 47.6% (95% CI 46.3%–48.9%) for preventing SARSoV- 
2 infection (Table A9). 

4. Discussion 

Our study provides real-world evidence on the effectiveness of the 
BBIBP-CorV vaccine for the prevention of SARS-CoV-2 infection, all- 
cause mortality, and COVID-19 mortality in Peruvian HCW during a 
highly lethal second wave of COVID-19. Peru is considered one of the 
countries with the highest excess mortality during the pandemic, in 
particular during this second wave of contagions, in which variants with 
high infectivity rates and immune escape mechanisms circulated, such 
as lambda and gamma [21,22]. Using data from national health and 
administrative registries implemented for the vaccination campaign, we 
found that the BBIBP-CorV vaccine was 83.6% effective for preventing 
all-cause mortality, 88.7% effective in preventing COVID-19 related 
mortality 14 days after the second dose, and 40.3% for preventing 

Fig. 1. Health care workers included and number of vaccine doses received.  
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Table 1 
Characteristics of the included health care workers, Peru 2021.  

Characteristics Total (N =
606,772) n 
(%)(┼) 

Vaccination Status Outcomes 

Unvaccinated (N =
139,097) n (%)(┼) 

One dose (N 
= 56,597) n 
(%)(┼) 

Two doses (N =
411,078) n 
(%)(┼) 

Laboratory-confirmed 
SARS-CoV-2 infection (N 
= 26,297) n (%)(╪) 

All-cause 
mortality (N =
1265) n (%)(╪) 

COVID-19 
mortality (N =
841) n (%)(╪) 

Age, median years (IQR) 40 (33⋅0, 
51⋅0) 

41 (32⋅0, 54⋅0) 37 (31⋅0, 
46⋅0) 

41 (33⋅0, 52⋅0) 39 (32⋅0, 50⋅0) 61 (51⋅0, 68⋅0) 61.0 (52.0, 67.0) 

Missing dataa 338 328 1 9 0 0 0 
Sex 

Female 396,440 
(66%) 

90,974 (68.1%) 38,880 
(68.8%) 

266,586 
(64.9%) 

17,294 (4⋅4%) 479 (0⋅1%) 300 (0.1%) 

Male 204,539 
(34%) 

42,658 (31.9%) 17,630 
(31.2%) 

144,251 
(35.1%) 

9003 (4⋅4%) 725 (0⋅4%) 499 (0.2%) 

Missing dataa 5793 5465 87 241 0 61 42 
Age group 

18-29 87,416 
(14⋅4%) 

20,708 (14.9%) 9523 (16.8%) 57,185 (13.9%) 3857 (4⋅4%) 20 (0.x%) 6 (0.0%) 

30-39 199,381 
(32⋅9%) 

44,295 (31.9%) 23,556 
(41.6%) 

131,530 
(32.0%) 

9319 (4⋅7%) 86 (0.x%) 45 (0.0%) 

40-49 145,261 
(24%) 

30,014 (21.6%) 13,850 
(24.5%) 

101,397 
(24.7%) 

6346 (4⋅4%) 169 (0⋅1%) 116 (0.1%) 

50-59 94,989 
(15⋅7%) 

18,871 (13.6%) 6785 (12.0%) 69,333 (16.9%) 3888 (4⋅1%) 297 (0⋅3%) 224 (0.2%) 

60–80+ 79,387 
(13⋅1%) 

24,881 (17.9%) 2882 (5.1%) 51,624 (12.6%) 2887 (3⋅6%) 693 (0⋅9%) 450 (0.6%) 

Missing dataa 338 328 1 9 0 0 0 
Obesity 

No 425,154 
(97%) 

72,210 (97.9%) 37,307 
(97.2%) 

315,637 
(96.8%) 

23,315 (5⋅5%) 799 (0⋅2%) 539 (0.1%) 

Yes 13,163 (3%) 1526 (2.1%) 1068 (2.8%) 10,569 (3.2%) 1055 (8.x%) 58 (0⋅4%) 48 (0.4%) 
Missing dataa 168,455 65,361 18,222 84,872 1927 408 254 

Diabetes 
No 431,285 

(98⋅4%) 
72,597 (98.5%) 37,924 

(98.8%) 
320,764 
(98.3%) 

23,826 (5⋅5%) 783 (0⋅2%) 535 (0.1%) 

Yes 07,032 (1⋅6%) 1139 (1.5%) 451 (1.2%) 5442 (1.7%) 544 (7⋅7%) 74 (1⋅1%) 52 (0.7%) 
Missing dataa 168,455 65,361 18,222 84,872 1927 408 254 

High Blood Pressure 
No 427,436 

(97⋅5%) 
71,924 (97.5%) 37,690 

(98.2%) 
317,822 
(97.4%) 

23,638 (5⋅5%) 787 (0⋅2%) 533 (0.1%) 

Yes 10,881 (2⋅5%) 1812 (2.5%) 685 (1.8%) 8384 (2.6%) 732 (6⋅7%) 70 (0⋅6%) 54 (0.5%) 
Missing dataa 168,455 65,361 18,222 84,872 1927 408 254 

Cardiovascular disease 
No 434,587 

(99⋅1%) 
73,202 (99.3%) 38,161 

(99.4%) 
323,224 
(99.1%) 

24,064 (5⋅5%) 832 (0⋅2%) 569 (0.1%) 

Yes 03,730 (0⋅9%) 534 (0.7%) 214 (0.6%) 2982 (0.9%) 306 (8⋅2%) 25 (0⋅7%) 18 (0.5%) 
Missing dataa 168,455 65,361 18,222 84,872 1927 408 254 

Asthma or chronic pulmonary disease†
No 427,562 

(97⋅5%) 
72,270 (98.0%) 37,457 

(97.6%) 
317,835 
(97.4%) 

23,708 (5⋅5%) 830 (0⋅2%) 571 (0.1%) 

Yes 10,755 (2⋅5%) 1466 (2.0%) 918 (2.4%) 8371 (2.6%) 662 (6⋅2%) 27 (0⋅3%) 16 (0.1%) 
Missing dataa 168,455 65,361 18,222 84,872 1927 408 254 

Immunodeficiency/Cancer/CRF 
No 436,201 

(99⋅5%) 
73,271 (99.4%) 38,196 

(99.5%) 
324,734 
(99.5%) 

24,217 (5⋅6%) 817 (0⋅2%) 577 (0.1%) 

Yes 02,116 (0⋅5%) 465 (0.6%) 179 (0.5%) 1472 (0.5%) 153 (7⋅2%) 40 (1⋅9%) 10 (0.5%) 
Missing dataa 168,455 65,361 18,222 84,872 1927 408 254 

Previous SARS-CoV-2 infection 
No 461,956 

(76⋅1%) 
117,208 (84.3%) 44,424 

(78.5%) 
300,324 
(73.1%) 

23,385 (5⋅1%) 1052 (0⋅2%) 700 (0.2%) 

Yes 144,816 
(23⋅9%) 

21,889 (15.7%) 12,173 
(21.5%) 

110,754 
(26.9%) 

2912 (2.x%) 213 (0⋅1%) 141 (0.1%) 

Macro-region 
Center 69,954 

(12⋅5%) 
9416 (10.3%) 5139 (9.1%) 55,399 (13.5%) 2758 (3⋅9%) 117 (0⋅2%) 85 (0.1%) 

Lima-Callao 263,225 
(47⋅1%) 

44,040 (48.1%) 27,785 
(49.1%) 

191,400 
(46.6%) 

12,029 (4⋅6%) 588 (0⋅2%) 414 (0.2%) 

North 103,862 
(18⋅6%) 

16,361 (17.9%) 11,214 
(19.8%) 

76,287 (18.6%) 4988 (4⋅8%) 179 (0⋅2%) 113 (0.1%) 

East 38,337 (6⋅9%) 6004 (6.6%) 2278 (4.0%) 30,055 (7.3%) 2357 (6⋅1%) 51 (0⋅1%) 33 (0.1%) 
South 83,849 (15%) 15,731 (17.2%) 10,181 

(18.0%) 
57,937 (14.1%) 4054 (4⋅8%) 124 (0⋅1%) 77 (0.1%) 

Missing dataa 47,545 47,545 0 0 111 206 119 
Categorized occupation 

Physicians 60,568 
(11⋅7%) 

21,098 (20.2%) 6512 (13.7%) 15,805 (4.3%) 2809 (4⋅6%) 160 (0⋅3%) 75 (0.2%) 

Nurses 13,014 (12.5%) 5230 (11.0%) 59,306 (16.1%) 3620 (4⋅7%) 100 (0⋅1%) 65 (0.1%) 

(continued on next page) 
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SARS-CoV-2 infection in HCW. All of these effectiveness estimates were 
robust in the multiple sensitivity analyses that we performed. 

Overall, our results indicate that the BBIBP-CorV vaccine had a high 
effectiveness for saving lives during the second wave of contagion. Our 
estimate of vaccine effectiveness in preventing COVID-19 mortality is 
similar to estimates reached in Argentina for the elderly (80.2% 95% CI 
67.5–88.4 for ages 60–69 and 88.3% 95% CI 80.1–93.1 for ages 70–79) 
[7], but lower than the reported in the phase 3 randomized clinical trial 
published by Al Kaabi [5], which attained 100% vaccine efficacy for 
death prevention. This was expected, as estimates of effectiveness are 
usually lower than those of efficacy. Other considerations, such as dif-
ferences in local transmission dynamics, circulating variants, and the 
prevalence of risk factors like obesity, hypertension and diabetes in our 
population could further contribute to the differences in the results. We 
would like to stress the fact that this study was performed in the middle 
of a highly lethal second wave of contagions of COVID-19, in which the 
lambda variant predominated in the coast and highlands and the gamma 
variant in the amazon basin of Peru, so these results are not necessarily 
generalizable to other contexts with other circulating SARS-CoV-2 
variants. 

Concerning infection, our estimates of vaccine effectiveness to pre-
vent SARS-CoV-2 infection were lower than those reported in the clinical 
trial from Bahrain (78.1%. 95% CI, 64.8%–86.3%) [5] and lower than 
those estimated by a group of experts of the WHO (90%. 95% CI, 88%– 
91%).6 This was unexpected, most of all considering that most of the 
reported infections were symptomatic episodes. Of note, Peruvian HCWs 

have much more access to diagnostic tests for COVID-19 than other 
groups [23]. Moreover, apart from inherent failure for preventing 
infection due to intrinsic characteristics of this vaccine, an alternative 
explanation for the low estimated effectiveness could be the presence of 
the “Peltzmann effect” which suggests that the adoption of risk behav-
iors increases in vaccinated people [24]. In addition, HCWs are a group 
with a particularly high exposure to infection in compared to the general 
population as in Bahrain. 

Although head-to-head comparisons were not reported, experience 
at the global level shows that the efficacy and effectiveness of inacti-
vated virus vaccines to prevent SARS-COV-2 related outcomes are lower 
in comparison to viral vector and mostly to mRNA-based vaccines [25]. 
This could be the case, particularly for infection, as our estimates of 
effectiveness were lower than those reported with the mRNA vaccines in 
Israel [25], and the USA [26]. Besides factors inherent to the vaccine 
type, issues related to the collapse of the health systems and the circu-
lating variants (lambda and gamma) may have played a role in deter-
mining these differences. Moreover, since then, the phenomenon of the 
loss of effectiveness of vaccines against subsequent viral variants has 
been found with all available vaccines, driving the countries to the need 
of applying booster doses [26]. Indeed, an important issue to address in 
the coming months is how the different mixtures of vaccines will provide 
protection against the emerging variants like Omicron or eventually, the 
new strains of the virus. 

In low-and-middle-income countries, there are some other aspects 
besides efficacy and effectiveness that should be considered in the 

Table 1 (continued ) 

Characteristics Total (N =
606,772) n 
(%)(┼) 

Vaccination Status Outcomes 

Unvaccinated (N =
139,097) n (%)(┼) 

One dose (N 
= 56,597) n 
(%)(┼) 

Two doses (N =
411,078) n 
(%)(┼) 

Laboratory-confirmed 
SARS-CoV-2 infection (N 
= 26,297) n (%)(╪) 

All-cause 
mortality (N =
1265) n (%)(╪) 

COVID-19 
mortality (N =
841) n (%)(╪) 

77,550 
(14⋅9%) 

Other Health personnel 
in direct contact with 
patients 

222,412 
(42⋅8%) 

5657 (5.4%) 4048 (8.5%) 50,863 (13.8%) 9749 (4⋅4%) 322 (0⋅1%) 109 (0.2%) 

Health personnel not in 
direct contact with 
patients 

43,415 (8⋅4%) 41,704 (40.0%) 23,942 
(50.5%) 

156,766 
(42.6%) 

1940 (4⋅5%) 106 (0⋅2%) 222 (0.1%) 

Administrative personnel 115,582 
(22⋅2%) 

22,866 (21.9%) 7705 (16.2%) 85,011 (23.1%) 5240 (4⋅5%) 196 (0⋅2%) 137 (0.1%) 

Missing dataa 87,245 34,758 9160 43,327 2939 381 233 

IQR: interquartile range; CRF: Chronic renal failure; (┼): Column percentage; (╪) Row percentage. 
All comorbidities (obesity, diabetes, high blood pressure, asthma or chronic pulmonary disease, Immunodeficiency/Cancer/CRF) where auto reported data. 

a Missing data were not considered for calculation of Col% and Row%. 

Table 2 
Effectiveness of BBIBP-CorV vaccine in health care workers for all-cause mortality, COVID-19 mortality, and SARS-CoV-2 infection.   

Outcomes 
Person-days at risk Outcome events Outcome rate per 100,000 person-daysa Vaccine effectivenessb (95% CI) 

Complete case analysis Analysis with multiple imputation 

All-cause Mortality 
Not immunized 37,268,955 872 2⋅34 ⋅⋅ ⋅⋅ 
Partially immunized 12,276,194 199 1⋅62 50⋅8 (38⋅2 to 60⋅9) 42⋅4 (31⋅9 to 51⋅3) 
Fully immunized 35,239,437 170 0⋅48 90⋅5 (87⋅7 to 92⋅7) 83⋅6 (80⋅2 to 86⋅4) 

COVID-19 Mortality 
Not immunized 37,268,955 600 1⋅61 ⋅⋅ ⋅⋅ 
Partially immunized 12,276,194 156 1⋅27 45⋅2 (28⋅8 to 57⋅8) 34⋅3 (20⋅3 to 45⋅9) 
Fully immunized 35,239,437 66 0⋅19 93⋅9 (90⋅9 to 95⋅9) 88⋅7 (85⋅1 to 91⋅4) 

SARS-CoV-2 infection 
Not immunized 37,268,955 20,261 54⋅36 ⋅⋅ ⋅⋅ 
Partially immunized 12,276,194 6858 55⋅86 15⋅3 (12⋅7 to 17⋅8) − 0⋅1 (− 2⋅9 to 2⋅6) 
Fully immunized 35,239,437 11,580 32⋅86 49⋅2 (47⋅9 to 50⋅4) 40⋅3 (38⋅9 to 41⋅6) 

95% CI: 95% confidence interval. 
a Outcome rate calculated for case complete analysis. 
b Analyses adjusted for sex, age group, macro-region, occupation, previous infection and the presence of obesity, diabetes, high blood pressure, cardiovascular 

disease, asthma or chronic pulmonary disease, and immunodeficiency or cancer. 
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implementation of vaccination programs. The mRNA vaccines were not 
available for many Latin-American countries during the first few months 
after their approval, and were only deployed in North America, Europe, 
and some other selected countries. In this scenario, our study shows that 
timely implementation of available technologies, such as the BBIBP- 
CorV an inactivated virus vaccine, represented an excellent opportu-
nity to save the lives of those at highest risk. Access to health care is 
centralized in Peru and most resources, including ultra-freezers required 
by the mRNA vaccines were only available in urban areas, while the 
BBIBP-CorV vaccine only required a standard cold chain, thus allowing a 
broader and faster immunization campaign in Peru [27]. Alternative 
technologies generated outside of the global north may continue to be 
important tools to prevent deaths in the global south while waiting for 
more effective vaccines to become widely available. 

Some limitations of our study need to be addressed. First, as an 

observational study, the existence of residual confounding is possible. 
We addressed this issue adjusting for relevant known potentially con-
founding variables. In addition, there may be a risk of misclassification 
bias. This risk is low for all-cause mortality and COVID-19 mortality, due 
to the use of the SINADEF, which is the only registration system for all 
death certificates at the national level and which is considered to be 
highly accurate [28]. SARS-CoV-2 infection could have been under-
estimated due to the lack of access to COVID-19 diagnostic tests [23]. 
Finally, while we used nation-based datasets, the Peruvian information 
systems are not integrated, and missing data could be possible, but in a 
small proportion in outcomes variables. 

To address the issue of missing data, we performed multiple impu-
tation assuming missing at random data. We observed that the estimates 
of vaccine effectiveness for SARS-CoV-2 infection in the imputed models 
did not match the case-complete analysis model. On the other hand, 
estimates of vaccine effectiveness for the mortality outcomes were more 
homogenous. This incompatibility between models for infection effec-
tiveness was unexpected, however, there are possible explanations for it, 
such as differential misclassification between certain groups or having 
data missing at random instead of only having data missing completely 
at random [20]. Therefore, our estimates of vaccine effectiveness on 
laboratory confirmed SARS-CoV-2 infection should be interpreted with 
caution. Finally, we cannot predict how our effectiveness estimates will 
vary with emergent SARS-CoV-2 variants or with waning immunity 
[29]. 

Although our study has some limitations, it remains relevant due to 
the limited information on the effectiveness of inactivated vaccines 
against COVID-19, also because the effects of the vaccine may differ 
depending on the population and the setting in which it is studied. To 
our knowledge, this is the first study of the real-world effect of the 
BBIBP-CorV vaccine in preventing death and infection in HCW and the 
study was carried out in a period in which lambda and gamma variants 
predominated in Peru. The results of our analysis could help build trust 
in the population by demonstrating that the vaccine worked, which 
could help combat misinformation. 

5. Conclusion 

The inactivated virus BBIBP-CorV vaccine showed high levels of 
effectiveness for preventing all-cause death and COVID-19 deaths in 
Peruvian HCW with complete immunization during a period on which 
variants with high infectivity rates and immune evasion were widely 
circulating in the country. These results were consistent within different 
subgroups and withstood sensitivity analyses. 

Fig. 2. All-cause and COVID-19 related mortality in health care workers ac-
cording to immunization status. 

Table 3 
Effectiveness of the BBIBP-CorV vaccine in health workers ≥60 years of age related to all-cause mortality, COVID-19 mortality, and SARS-CoV-2 infection.   

Outcomes 
Person-days at risk Outcome events Outcome rate per 100,000 person-daysa Vaccine effectivenessb (95% CI) 

Complete case analysis Analysis with multiple imputation 

All-cause Mortality 
Not immunized 4,796,168 476 9⋅92 ⋅⋅ ⋅⋅ 
Partially immunized 1,433,493 104 7⋅26 43⋅5 (40⋅7 to 59⋅3) 34⋅3 (17⋅7 to 47⋅5) 
Fully immunized 4,437,557 100 2⋅25 89⋅3 (84⋅3 to 92⋅7) 79⋅2 (73⋅7 to 83⋅6) 

COVID-19 Mortality 
Not immunized 4,796,168 310 6⋅46 ⋅⋅ ⋅⋅ 
Partially immunized 1,433,493 85 5⋅93 32⋅6 (30⋅8 to 64⋅9) 22⋅6 (− 10⋅9 to 40⋅1) 
Fully immunized 4,437,557 45 1⋅01 90⋅7 (92⋅1 to 97⋅5) 83⋅4 (76⋅8 to 88⋅1) 

SARS-CoV-2 infection 
Not immunized 4,796,168 1990 41⋅49 ⋅⋅ ⋅⋅ 
Partially immunized 1,433,493 681 47⋅51 14⋅5 (5⋅6 to 22⋅5) − 4⋅3 (− 13⋅7 to 4⋅3) 
Fully immunized 4,437,557 1085 24⋅45 55⋅4 (51⋅5 to 58⋅9) 45⋅9 (41⋅8 to 49⋅8) 

95% CI: 95% confidence interval. 
a Outcome rate calculated for case complete analysis. 
b Analyses adjusted for sex, macro-region, occupation, previous infection and the presence of obesity, diabetes, high blood pressure, cardiovascular disease, asthma 

or chronic pulmonary disease, and immunodeficiency or cancer. 
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